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1 EXECUTIVE SUMMARY 
 
Increasing pressure on marine biodiversity from resource extraction and increasing use is 
resulting in a shift in current thinking about marine management; the evidence for this shift 
can be seen in the UK with introduction of Marine Conservation Zones (MCZs) under the 
Marine and Coastal Access Act (2009) which places a greater responsibility on management 
(IFCAs and MMO) to take marine nature conservation issues more seriously. A shift towards 
spatial management measures such as marine protected areas (MPAs) internationally is 
generally thought to be the best way of reconciling the the objectives of competing users and 
achieving the protection of biodiversity. In a fisheries management context MPAs may be 
useful tools for protecting nursery and spawning habitats, as well as sedentary fish species, 
however there are still unanswered questions in how they can contribute to broader fisheries 
management, specifically the protection of mobile fin-fish that dominate the commercial 
catch of the UK fishing fleet. This study looks to build on previous work undertaken by 
Newcastle University to provide evidence for the effect of small closed areas on temperate 
fin-fish communities. 
 
A small prohibited trawl area (PTA) north of Whitby (N.Yorkshire) and a trawled area south of 
Whitby (SC) surrounding Robin Hood’s Bay were surveyed with trammel nets and an otter 
trawl. Differences in community structure between the areas were found for both gear types, 
and some were consistent with protection effects, however these areas cannot be 
unequivocally attributed to protection effects. The data consistent with protection effects 
included size data for some species (e.g. PTA greater than SC: whiting but not cod 
[trammel]; whiting, plaice and lemon sole but not dab, poor cod or haddock [trawl]). Some 
species abundances were also consistent with protection effects (e.g., PTA greater than SC: 
small spotted catshark, poor cod, pouting and cod but not whiting [trammel]; whiting, plaice 
and dab [trawl]). Presence-absence trawl data showed ballan wrasse, cuckoo ray, thornback 
ray, dover sole, ling, long-spined sea scorpion and red mullet only in the PTA, although john 
dory, starry smoothound and witch were only in SC. Total abundances and size structures of 
the fish assemblage did not differ between the areas, and PTA/SC contrasts in some 
abundance data (e.g. whiting) differed according to the gears used. The PTA is not and was 
not designed as a ‘no-take’ MPA, and ongoing impacts of fishing (static gear use [lobster 
pots and some trammelling] and occasional illegal trawling) are likely reducing any protection 
effect that exists, however data that are better controlled for protection (only one area 
comparable in habitat to the PTA was available) and habitat effects are needed if protection 
impacts are to be more robustly demonstrated. Implications for future surveys and 
monitoring of MCZs are briefly considered. There are useful implications for further analyses, 
and future monitoring of MCZs. Unequivocally demonstrating effects of the PTA and other 
such closures should be the subject of ongoing research. 
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2 INTRODUCTION  
Marine protected areas (MPAs) are the subject of much attention as a tool for fisheries 
management (Roberts et al. 2005), and effective solutions are required to address the 
decline in fish stocks and the wider impacts of fishing on the marine environment. 
Contemporary legislation (e.g. the Marine and Coastal Access Act 2009) promotes wider 
application of MPAs as conservation and fisheries management tools. Small MPAs may help 
protect site-attached species or particular life stages/sizes from trawling impacts, both with 
respect to target and non-target species.  However, there is little scientific evidence to 
suggest that small, isolated MPAs will produce benefits for the highly mobile finfish species 
that tend to dominate the benthic macro-consumer communities of the North Sea.  
Furthermore, where spatial restrictions already exist there are neither the resources nor 
capacity to systematically measure their effects. 
Within the North Eastern Inshore Fisheries and Conservation Authority’s (NEIFCA’s) district, 
two PTAs were established more than 80 years ago at Whitby and Filey to prevent conflict 
between static and mobile gear sectors (Rogers 1997). However, in interviews, local 
fishermen most frequently stated that the PTAs were established to protect stocks 
(Bloomfield 2010). Although this informal role was untested, the majority agreed that the 
PTAs are a good tool for managing fish stocks and allow a build up of fish  (Bloomfield 
2010), and better quality fish (Ian Davies, pers comm) within the boundaries of the PTA. 
However, research by Newcastle University from 2008 to 2009 using non-destructive baited 
video (BV) and baited trap (BT) methods found no effect of protection on fish abundance in 
either the Whitby or Filey PTAs (Polunin et al. 2009). This raised the question of whether 
non-destructive sampling methods were appropriate to detect protection effects on finfish 
given inherent ecological variability. 
This project aimed to address such limitations. Firstly, it would use new data to identify 
appropriate ‘control’ areas against which protection effects could be assessed. Secondly 
fishing effort data would be incorporated into the study design. Thirdly data from non-
destructive point sampling techniques (trammel) and more traditional sampling techniques 
(trawling) would be compared. The project objectives were to:   
 Model the habitats present within the Whitby PTA and surrounding area 
 Assess fishing effort  
 Utilise the habitat and fishing effort data to identify an appropriate control for the 
Whitby PTA; and  
 Measure the abundance, diversity and size of finfish using mobile (trawl) and a point 
method (trammel) to i) assess whether there is an effect of the PTAs on finfish and 
ii) describe the relationship between mobile and point methods. 
This project sought new empirical information on the effect of small MPAs on finfish to inform 
fisheries management within the NEIFCA and the Yorkshire fishery (PTAs). These data are 
crucial to inform the debate on the value of small MPAs, as both fisheries management and 
conservation tools, and builds upon previous research supported by the Fisheries Challenge 
Fund in 20084. Results will improve the methodological basis of finfish assessments to 
inform future monitoring of MPA effects using cost-effective and statistically powerful 
sampling strategies. A key outcome of the study is to enhance UK capacity to assess MPA 
effects on finfish and inform the debate on effectiveness of small MPAs to protect North Sea 
finfish stocks. 
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3 METHODS 
3.1 Study area 
Dominated by tall sea cliffs, the North Yorkshire coastline is characterised by a series of 
headlands and bays. The Whitby PTA stretches out to 3 nautical miles (nmi) running from 
Sandsend in the south to Staithes in the north. A comparable control location south east of 
the PTA was identified using local knowledge from the skipper and information from the 
habitat modelling exercise discussed below. The south control (SC) stretched from Whitby 
High to the south end of Robin Hood’s Bay (Figure 1). Both sites cover an area equivalent to 
8.6km² of sea. A north control site used in previous work was deemed unsuitable due to 
different habitat characteristics and relatively low levels of fishing effort compared to the SC.    
 
 
 
 
 
 
 
 
 
 
Figure 1: Map showing the two study 
sites marked in blue; the PTA northwest 
of Whitby and the control site to the 
southeast (SC) 
 
 
 
 
 
 
3.2 Habitat Modelling and Groundtruthing 
The study needed to identify appropriate ‘control’ areas against which protection effects 
could be assessed. Habitat was found previously to have a significant effect on the finfish 
assemblages recorded, but the absence of habitat information prior to sampling prevented 
formulation of a survey design that took account of habitat (Polunin et al. 2009). Thus an 
initial habitat model was produced to predict habitat from e.g. sedimentary, oceanographic 
and meteorological data.  
 
 
 
 
 
Figure 2: North Eastern Sea Fisheries 
Committee FPV Northeastern Guardian III 
(Source: NESFC). 
 
North Sea 
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Fieldwork started on 1st October 2010, with the aim of testing the model. Two days’ boat 
based ground truthing were undertaken aboard NEIFCA’s vessel FPV Northeastern 
Guardian III (Figure 2). Drop down video was used to verify bottom type at randomly 
selected points both in the PTA and control locations (Figure 3).  
The habitat model was broadly representative; however, at finer spatial scales the model did 
not reflect the complexity of habitat types observed (Figure 3). The positions of the trammel 
net stations were therefore determined by using the broad habitat distributions described by 
the model together with consultation with NEIFCA experts, who were able to provide detailed 
knowledge of seabed types within the PTA and the control area,based on many years’ local 
experience and the fishing database compiled on the vessel’s navigational systems.This 
provided interpretive mapping of the PTA and control area. Proportions of predominantly 
hard and soft ground within each depth zone were estimated by area to determine the 
potential number of stations required within each. Station distribution and final station 
positions were then agreed with the skipper prior to each fishing day. 
 
Figure 3: Modelled ground  types, with ground truthed sediment types overlaid in Whitby PTA and 
the control area to the south 
The bottom type at each station was further classified using scales of hardness and 
complexity (full classification details in Appendix A1-A2). A basic balance between ground 
types in the design was sought throughout (Figures 4 & 5). It is believed that a good 
representation of the habitat types present and their distribution was achieved (Section 4.5). 
However, only hardness was used as a variable in our analysis, and due to the relatively low 
number of samples taken, hardness categories 1 and 2 were classified as “hard” and 4 and 5 
as “soft” (3 as “intermediate”). 
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Figure 4: Substrate by hardness using five-point scale developed from visual 
interpretation of the video footage to describe the hardness of the seabed: 1) 
Complete bedrock/ scar; 2) Mainly rock, small patches of sediment; 3) 50:50 
split of sediment:rock OR cobbles over soft ground; 4) Mainly sediment with 
some pebbles and cobbles OR course sediments (gravelly sands or silt); 5) 
Sand/ silt only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Substrate by complexity class using a four point scale developed 
from visual interpretation of the video footage: 1) Rugged; very variable 
topology with lots of crevices; 2) Rough; ground that is variable in topology; 
soft/ hard ground broken by rock/cobbles; 3) Uneven; Flat soft/ hard ground 
that may be broken by the occasional cobble/pebbles; 4) Flat; Featureless 
ground, sediment/ flat bedrock. 
      
3.3 Trammel netting 
Trammel nets were sourced from Advanced Netting (Clacton-upon-Sea). Each 200 yard 
trammel fleet consisted of 100 yards of 120mm mesh net and 100 yards of 55mm mesh net. 
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3.4 Trawling 
Discussion with CEFAS in Lowestoft and the Marine Laboratory in Aberdeen (Marine 
Scotland Science, formerly Fisheries Research Services) confirmed that the standard 
scientific demersal trawl net, the Chalut 36/47 GOV trawl was unsuitable for a vessel of the 
size and design of FPV Northeastern Guardian III, and would be ill-suited to inshore work in 
shallow water. 
Two Marine Laboratory four panel designs for inshore craft, the BT124R and the BT124Q 
were then considered, but discounted for the reason that they were not designed for the local 
conditions off Whitby. The design of a Whitby based net maker (Caedmon Nets Ltd) for a 
small demersal otter trawl with a 60 mm mesh and 30 mm mesh in the cod end was finally 
chosen for its simplicity of design allowing changes to the footrope gear and doors to be 
made quickly, and the convenience of a local supplier. The 5ft otter doors were sourced from 
Dunbar Doors Ltd, Scotland.   
Due to weather constraints and patrol commitments of the FPV Northeastern Guardian III 
trawling did not commence until the 23rd May and was completed on the 30th May 2011. A 
day was spent trialling the net to see if the otter doors were of sufficient weight to achieve an 
adequate spread of the mouth of the net, and also to allow the boat crew to become 
accustomed to deploying and retrieving the net using the vessel’s winches.  
In total 16 trawls were deployed, eight in each area (Appendix A5-A6). It was not feasible to 
randomly pick 1nmi lines to trawl due to the topography of the seafloor, a high encounter rate 
of wrecks and also static gear. The skipper was asked to choose sites he thought were 
suitable to trawl within two specified depth ranges (26-35m and 36-45m, depths <26m were 
untrawlable) and two habitat types (hard and soft). North Eastern Guardian III’s echo 
sounder and the skipper’s local knowledge were used to determine ground suitable for 
trawling. The mean duration of each trawl was 25 minutes (SD= 2.47, range 22-30 mins), the 
small variation, and error associated with deploying and retrieving the net, meant that trawls 
were not adjusted for soak time. No trawl catches were sub-sampled; all fish were identified 
to species and their lengths recorded. 
   
 
 
Figure 8: Trawl lines 
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3.5 Data analysis 
Multivariate statistical analyses were carried out to discern differences in the structure of fish 
assemblages between habitats and area using PRIMER v.6 (PRIMER-E, Plymouth). To 
examine overall similarity of fish assemblages, non-metric multidimensional scaling (MDS) 
plots were created for both the trammel and trawl data; Bray-Curtis index of similarity on 
square-root transformed data was used as both dominant and rare components of the 
community were deemed important (Bloomfield 2010). A similar analysis was also 
undertaken on the species presence-absence data to determine whether there were any 
differences in species richness between areas or habitats. 
For each gear, a permutational analysis of variance (PERMANOVA; Anderson 2001) was 
used to test for differences in fish assemblages due to the infringement of parametric 
normality assumptions in the abundance variables (PERMANOVA+ for PRIMER v6; 
Anderson 2001; Anderson et al. 2008). Replicate trammel samples were pooled within 
depth, giving a total of 12 samples (2 areas x 2 habitats x 3 depths). Pooling was necessary 
as catches were highly variable between trammels with the frequent presence of zero 
observations; such data are common when sampling species (e.g. whiting) that tend to 
aggregate (Atkinson et al. 2004). Trawl data were not pooled due to the relatively low 
variance between catches.  
 
The fish abundance data for both trammels and trawls was assessed using PERMANOVA 
(Anderson 2001, McArdle and Anderson 2001). Analyses followed the same model used for 
the multivariate analyses, however were based on Euclidean distance rather than Bray-
Curtis similarity as only one variable (Ntot) was being analysed (Anderson and Millar 2004). 
 
Size spectra were derived from the trawl data to discern whether there was an area effect on 
the size structure of the fish assemblage, to test the hypothesis that in the protected area 
there will be a greater frequency of large fish relative to small fish (Graham et al. 2005). 
Length data for the whole fish assemblage for the PTA and SC were log4 transformed and 
grouped across eight size classes; fish abundance was log10 transformed. 
 
Analyses were conducted on the most frequently caught species in the trammel nets and 
trawls to discern whether there were any area effects on the length frequency distributions of 
individual species.  
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4 RESULTS 
 
4.1 Assemblage description 
Trammel data 
Twenty‐four species of  finfish and elasmobranch  from a total of 1381  individuals were caught 
over the 48 trammel deployments from 15 October to 12 November (Appendix A7‐A8). Across 
all areas,  the catch was dominated by whiting  (Merlangius merlangus, 73.64% of  individuals), 
cod  (Gadus  morhua,  8.18%),  small  spotted  catshark  (Scyliorhinus  canicula,  5.14%),  pouting 
(Trisopterus luscus, 4.63%), and poor cod (Trisopterus minutus, 2.03%). 
 
Trawl data 
 
Thirty‐one species of  finfish and elasmobranch, across a total of 2656  individuals were caught 
over the 16 trawl deployments during 23‐30 May (Appendix A9‐A10). Across all areas, catch was 
dominated  by  whiting  (Merlangius  merlangus,  53.46%  of  individuals),  plaice  (Pleuronectes 
platessa, 8.06%), poor cod (Trisopterus minutus, 7.30%), lemon sole (Microstomus kitt, 6.97%), 
and lesser weever (Echiichthys vipera, 5.08%). 
 
 
4.2 Comparison of fish assemblages 
Trammel data 
PERMANOVA highlighted differences in trammel fish assemblages with habitat and between 
the PTA and SC (Table 1); MDS indicated the relative similarity of fish assemblages at each 
replicated level of treatment (Figure 9). A SIMPER analysis revealed that habitat differences 
were driven by a greater number of whiting caught over soft ground, and small spotted 
catshark, poor cod, pouting and cod that were caught over hard ground. Area differences 
were driven by whiting that was more abundant in the SC, and small spotted catshark, poor 
cod, pouting, and cod that were more abundant in the PTA. Most species were surveyed at 
least once in each habitat and each area; a PERMANOVA of the species presence-absence 
data was not significant. 
 
Table 1: Result of PERMANOVA tests on square-root transformed abundance data for fish assemblages 
sampled by trammel net. Results are based on Bray-Curtis similarity measures. P-values were obtained 
using 999 permutations. Bold indicates significance at p <0.05     
Source df MS F p 
Area 1 1945.4 2.4776 0.044 
Habitat 1 4259.2 5.4243 0.005 
Area x Habitat 1 868.49 1.1061 0.344 
Residual 8    
Total 11    
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over hard ground in the PTA compared to 1012 caught in the SC. The size structures of the 
fish community in the PTA and SC (Figure 11) did not differ significantly.  
 
   
 
Figure 11: Size spectra for the fish community sampled by the otter trawl in the PTA and SC 
fitted with linear regression lines. 
 
 
4.4 Length frequency distributions  
Trammel data 
The mean length of whiting caught in the PTA (32.5cm, ± 1SD) was greater than whiting 
caught in the SC (30.2cm) (Figure 12) (ANOVA one-way, p<0.001, F=94.03); 92% of whiting 
were caught in the small (60mm) trammel. The mean length of cod caught in the PTA 
(47.1cm, ±1SD) did not differ from that of cod caught in the SC (48.7cm); 51% of cod were 
caught in the small trammel (Figure 13). There were not enough data from other species to 
draw meaningful comparisons. 
 
 
Figure 12: Length (SL) frequency distribution of whiting (Merlangius merlangus) caught by trammel and 
stacked by mesh size (large and small) within a) the PTA (n = 217), and b) the SC (n = 800) 
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Figure 13: Length (SL) frequency distribution of cod (Gadus morhua) caught by trammel and stacked by 
mesh size (large and small) within a) the PTA (n = 71), and b) the SC (n = 42) 
 
 
Trawl data 
The mean length of whiting caught in the PTA (22.1cm) was greater than whiting caught in 
the SC (21.2cm) (Figure 14) (ANOVA one-way, p<0.001, F=16.62). Six times more 
P.platessa were caught in the PTA, with a mean size of 25.6cm in the PTA and 26.7cm in 
the SC (Figure 15) though this difference was not significant. The mean length of lemon sole 
caught in the PTA (24.8cm) was greater than those caught in the SC (21.1cm) (Figure 16) 
(ANOVA one-way, p<0.001), F=32.08). The mean length of dab (21.7cm), poor cod (16.8cm) 
and haddock (33cm) did not differ between areas (Figures 17-19).     
 
 
Figure 14: Length (SL) frequency distribution of whiting (Merlangius merlangus) caught by trawl within 
a) the PTA (n = 767), and b) the SC (n = 654) 
 
0
5
10
15
20
5 20 35 50 65 80 95 110
Ab
un
da
nc
e
Length (cm)
a) Large
Small
0
5
10
15
20
5 20 35 50 65 80 95 110
Length (cm)
b)
0
50
100
150
200
250
2 12 22 32 42
Ab
un
da
nc
e
Length (cm)
a)
0
50
100
150
200
250
2 12 22 32 42
Length (cm)
b)
 
 
 
 
 
 
 
Whitby PTA Report - 14 - December 2011 
 
Figure 15: Length (SL) frequency distribution of plaice (Pleuronectes platessa) caught by trawl within a) the 
PTA (n = 181), and b) the SC (n = 33) 
 
Figure 16: Length (SL) frequency distribution of lemon sole (Microstomus kitt) caught by trawl within a) the 
PTA (n = 56), and b) the SC (n = 129) 
 
 
 
Figure 17: Length (SL) frequency distribution of dab (Limanda limanda) caught by trawl within a) the PTA (n 
= 106), and b) the SC (n = 62) 
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Figure 18: Length (SL) frequency distribution of poor cod (Trisopterus minutus) caught by trawl within a) the 
PTA (n = 88), and b) the SC (n = 106) 
 
 
 
Figure 19: Length (SL) frequency distribution of haddock (Melanogrammus aeglefinus) caught by trawl 
within a) the PTA (n = 52), and b) the SC (n = 22) 
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4.5 Placement of gears 
Trammel 
 
According to the hardness and complexity scales developed from the video footage, a 
greater proportion of trammels were deployed on harder and more structurally complex 
habitats in the PTA (Figure 20), though this difference was not significant between areas. 
Forth-three percent of deployments were on hard substrate (1&2), 43% on soft substrate 
(4&5) and 4% on intermediate substrates in each area, thus confirming that a balanced 
design was achieved.  
 
 
 
Figure 20: Percentage of trammels in the PTA and SC deployed over each habitat type defined by 
a) substrate hardness, and b) substrate complexity 
 
 
Trawl 
 
More mixed ground was trawled over in the SC according to the habitat scale derived from 
the skipper’s knowledge (Figure 21). 
 
 
Figure 21: Percentage of trawls in the PTA and SC towed over 
ground types from the skipper’s knowledge. 
 
 
4.6 Gear comparison  
A 6 month interval between trammel and trawl sampling effectively ruled out a comparison of 
trammel data (point) with trawl data (mobile) due to season becoming a confounding factor. 
However, a qualitative analysis of the two sampling methods is in the discussion (section 
5.3).
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5 DISCUSSION AND CONCLUSIONS 
5.1 PTA effects on community structure 
A balanced survey design was thought to have been achieved (Figures 20-21), however lack 
of replication at the area level pecluded any differences in the finfish community between the 
PTA and SC from being attributed to protection with any certainty because location may be a 
confounding factor (Harborne et al. 2008). Thus area effects hereafter are not directly 
attributed to protection. 
 
Both the trammel and trawl data showed some significant effects of area on the structure 
and species richness of the fish community. Whilst there was no effect of area on the 
trammel species presence-absence data, there was an effect of area on the trawl data, 
species richness being found to be greater in the PTA; seven species were only found in the 
PTA (total S=21) compared to four species found only in the SC (total S=18). There was also 
an area x habitat interaction; species richness was higher for trawls deployed over soft 
ground in the PTA, and for trawls deployed over hard ground in the SC, though this could 
simply be due to the greater abundance of fish caught in either of these locations. 
 
There were mixed effects of area on fish abundance (Figures 14-19), however total 
abundance of fish caught in the trawl survey did not differ significantly between areas, 
though there was a significant interaction between area and habitat; relatively more fish were 
caught over soft habitat in the PTA compared to relatively more fish being caught over hard 
habitat in the SC, this difference driven largely by the catch of whiting. This may be an 
artefact of the study design; the limited replication of trawls (n=4) meaning perhaps that this 
result is due to errors in habitat classification in the trawl survey. The trammel catches 
showed that more whiting were caught in the SC, and more cod in the PTA. Any potential 
protection effects may thus be species specific (Brown et al. 2010).   
 
Static gear fishing is still allowed in the PTA, and it is occasionally illegally trawled 
(Bloomfield 2010) so it is logical to assume that any potential effect of protection of the PTA 
on the fish assemblage would be less than that of a fully enforced no-take marine reserve. 
Whilst we have good reason to believe that the level of fishing activity in the SC is 
significantly higher compared to the PTA (Bloomfield 2010), lack of recent fine-scale fishing 
effort data also limits what can be inferred from the results; the density and distribution of 
static gear in the PTA and SC at the time of study was not measured, nor was the most 
recent trawling effort in the SC known; this information could have been used to better 
explain the data.  
 
Habitat effects were controlled for in the design of this study, however our knowledge of fine-
scale habitat in areas that were not surveyed by the drop-down video is still poor, and not 
addressed adequately by the habitat model. This is something that needs to be taken into 
account, especially in the interpretation of the trawl data where habitat was classified quite 
crudely on a scale of 1-9 according to the skipper’s knowledge. Habitat heterogeneity in 
each area is still unknown; effects of habitat at the seascape level are understood to be 
important on community structure over the scale (~8km²) of this study (Garcia-Charton and 
Perez-Ruzafa 1999, Huntington et al. 2010); connectivity between habitats may also 
determine the level of fish movement in an area (Huntington et al. 2010).  
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5.2 PTA effects on fish length 
 
The otter trawling in the PTA and SC revealed no significant effect of area on the fish 
community size-spectra (Figure 11); there is no evidence here to suggest that fishing 
pressure affects the relative proportion of large to small fish in each area (Dulvy et al. 2004, 
Graham et al. 2005, Shin et al. 2005). One or more of the following hypotheses may help to 
explain this:  
 
1) there is still some fishing activity occurring in the PTA thus the effect of protection on 
size-structure may not be apparent,  
2) trawl samples were insufficient to detect any fishing effect on size structure, and 
3) the PTA and SC are too small to have a positive effect on the protection of highly 
mobile species inhabiting wider environments such as the gadoids encountered. 
 
With respect to the first hypothesis, there should be some effect of fishing on the size 
structure of the community as static gear and trawls catch different species and size classes 
of fish (Polunin et al. 2011) although infrequent illegal trawling in the PTA could reduce the 
magnitude of any protection effect (Bloomfield 2010); other studies have shown that 
relatively small amounts of fishing pressure can greatly reduce the effect of an MPA 
(McClanahan et al. 2009).  
 
Despite trawl data showing there to be significant effects of area and habitat on the structure 
of the fish community, insufficient replication (hypothesis 2) may have not provided enough 
statistical power to detect any subtle effect of protection. However a potentially greater 
problem may have been the duration of the trawl tows; tow duration is an important 
determinant of the relative number of large fish that are sampled as larger fish can maintain 
faster swimming speeds over longer time periods (Winger et al. 2000); this sampling bias is 
one of the factors underpinning the frequently diverging views fishermen and scientists have 
of the same ecosystem (Sweeting et al. 2011). The 25min duration of tows in this study 
would have meant that larger individuals (had they existed in the PTA) may not have been 
sampled (Ian Davies, pers comm), while the relative frequency of large individuals should be 
be a good indicator of a protection effect (Dulvy et al. 2004, Graham et al. 2005, Shin et al. 
2005). The study might not have conducted tows of sufficient duration to detect a difference 
in the mean size of fish between the PTA and SC. 
 
In relation to hypothesis 3), some have argued that small MPAs are unlikely to be effective in 
protecting mobile fish (Laurel and Bradbury 2006), however without further work we cannot 
know which factors (i.e. effort distribution, variability, or fish mobility) contributed most to the 
outcome of this study.  
 
In the existing MPA literature, ‘snapshot’ comparisons have often revealed there to be 
significantly more fish in protected areas compared to fished areas (Halpern and Warner 
2002) even in MPAs where some fishing activity takes place. However the majority of this 
evidence has come from relatively small MPAs protecting the fish community living in reef 
(coral or rock) habitats in tropical and warm temperate locations (Caveen, unpublished data). 
Models developed from this evidence may not be generalisable to the fish community found 
in the UK; for MPAs to have similar effects some practioners suggest that fisheries 
managers must be prepared to implement MPAs at large scales in high latitudes (Laurel and 
Bradbury 2006). The size of the Whitby PTA may be insufficient to confer significant 
protection on most of the fish species found within it.      
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Length frequency distributions for whiting and cod caught in the trammel nets (Figures 12 & 
13) indicated bimodal distributions for both species although this could be an artefact of the 
small-large mesh used in sampling. However only whiting was significantly larger in the PTA. 
Of the six most frequently trawl-caught species (Figures 14-19) there were area differences 
in mean size only for whiting and lemon sole, both of which were larger in the PTA. This 
could simply be an artefact of the study design; lack of replication at the area level means 
that such differences cannot be attributed to the effect of protection and low counts for 
individual species may mean that any comparison is greatly constrained.  
 
Certain species show fidelity to particular habitats, for instance adult whiting (20cm<) are 
more common over soft ground (Atkinson et al. 2004) as are most flatfish, the exception 
being lemon sole that is usually found on hard substrates (Kay and Dipper 2009). Whilst 
habitat was thought to be fairly well controlled for in the design of the trammel study, errors 
in the habitat classification in the trawl study may have been considerable; we do not know 
with any certainty the percentage area of soft vs hard habitat that was trawled over in each 
area and this could affect our interpretation of Figures 14-19, for example the relatively high 
catch of lemon sole in the SC could simply reflect more hard ground being trawled over 
there. 
 
 
 
 
 
 
5.3 Gear comparison 
Seasonal changes in the fish community (Bloomfield 2010) rule out a direct comparison of 
trawl and trammel data, yet a description of the main strengths and weaknesses of each 
gear is worthwhile for future monitoring and analysis. 
 
The spatial resolution of the data for the trammels is greater than that for the trawls; trammel 
nets sample the fish community over a smaller area making it easier to control for and detect 
local habitat effects (Table 3). Trammels can also be deployed over most habitat types, 
whereas a trawl net cannot be towed over very rough ground even if the gear is specifically 
modified for the task (e.g. the foot rope is fitted with ‘rock-hoppers’ in order to roll over 
boulders, rounded obstacles, jagged grounds such as formed by rock outcrops or wrecks). 
 
There was greater variability in the trammel data, and catch per net was approximately 20% 
that of the trawls (Table 4); high variability in the catches of a gear may be more of an issue 
for researchers than trying to control for fine-scale variability in habitat, i.e. trawling is a more 
statistically powerful sampling method than trammelling even though it may be an unsuitable 
method for detecting species-habitat associations at small spatial scales.  
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Table 4: A comparison of the two gear types used in this study showing their relative strengths and weaknesses 
(*season a confounding factor here, ¹”rough” defined as hard ground that has a very uneven surface, rock outcrops 
and boulders present)  
Characteristic Trammel nets Otter trawl  
Resolution of data Relatively finescale (~200m) Coarse (data in this study collected over 1nmi), 
more difficult to control for habitat effects  
Fish caught per 
deployment/ 
variability 
~30*, high variability ~150, relatively low variability 
Habitats sampled Can be deployed over most 
bottom types though may become 
snagged over very rough ground 
or become inefficient in areas with 
seaweed  
Rockhoppers can be attached to the footrope for 
towing over hard ground. Cannot be towed over 
rough¹ ground due to the risk of the net snagging 
on rocks 
Impact on habitat/ 
catch 
Low impact on habitat features. 
Very high catch mortality 
Potentially high impact on sensitive habitat 
features 
Gear bias More mobile species Mobile and sedentary species. The size of mobile 
species caught dependent on length of tow 
Gear modification Can sample using different mesh 
sizes simultaneously 
Can alter size of codend mesh, and alter tow 
duration  
Gear efficacy in 
relation to tides 
Nets may lay flat on the sea 
bottom during peak tidal currents 
decreasing gear efficiency 
Net can be trawled against tidal currents, though 
the rate of water flowing through the net will 
increase, potentially increasing gear efficiency 
Interference with 
other fishing activities 
Vulnerable to loss or damage in 
areas where towed gears operate 
Have to be careful in areas where static gear is 
present 
Legislative 
constraints 
Dispensation required for using 
fine mesh 
Dispensation required for trawling in PTAs and 
using undersized codend 
Equipment costs Low, though limited life Relatively high. In addition to the net, 
rockhoppers and doors required 
Labour costs High. Two people needed to 
deploy and retrieve the nets. An 
hour for nets to be cleared of fish. 
Nets prone to tangling 
High, though reduced if the vessel has a net 
drum 
Number of 
deployments possible  
in a working day 
Six over a period of 8 hours with a 
mean soak time of 3.5 hours 
Six over a period of 8 hours with a tow time of 
25min per trawl 
 
 
The differing selectivity of trammel and trawl nets means that they sample different aspects 
of the fish community respectively; trammel nets as deployed in this study will have selected 
for mobile species swimming within a few metres of the seafloor, whereas the trawl will have 
selected for these species and those disturbed from the seabed by the footrope moving 
towards and over them. However trawl surveys (depending on the duration and speed of 
tows) may not sample larger mobile species (maintain faster swimming speeds over a longer 
time period) thus avoiding capture by the trawl (Winger et al. 2000).  
 
There are logistical strengths and weaknesses associated with both types of sampling 
method, whereas the costs of individual trammel nets are very low in comparison to a new 
trawl, trammel nets have a relatively short life-span and may become less efficient over time 
as the catch sometimes has to be cut out of the net. Trammel nets may also be vulnerable to 
loss or damage in areas where trawlers operate, whereas static gear will affect where mobile 
gear can be deployed.  
 
Efficacy of both trammel nets and trawls may differ over the tidal cycle; trammel nets may lay 
flat on the seabed during peak tidal currents decreasing gear efficiency whereas trawls 
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undertaken in high currents may increase in efficiency as more water passes through the net 
if towing against the tide, or less if towing with the tide (Sweeting, Pers comm). The catch 
per unit effort (CPUE) for trammels is also considerably smaller than that for the trawls, six 
nets/ tows can be deployed in a working day though the catch from the trammels may be on 
average 20% of that caught in the trawls.  
 
Removal of catch from the trammel nets can also be very labour intensive as fish tend to 
become tangled and the nets turned in high currents (nets had to be cut in this study on 
more than one occasion). Both trammelling and trawling are destructive sampling methods, 
there is very high catch mortality with the exception of perhaps the flatfish, small spotted 
catshark, and cod, trawling additionally causes damage to the seafloor; dispensations were 
required to use undersized mesh and to trawl in the Whitby PTA.        
 
 
5.4 Lessons learned 
Several problems were encountered in undertaking the fieldwork; we discuss them explicitly 
as they may be useful for future work.  
 
Study design 
The lack of multiple control areas meant that the survey was potentially confounded by area 
effects. The purpose of the habitat modelling was to identify suitable control areas to test the 
effect of protection; only the Robin Hood’s Bay area was deemed suitable as there is a major 
change in sediment composition in the area north of the PTA. Also time/ money constraints 
limited our access to areas within 30 minutes of Whitby. This has implications for the 
monitoring of MCZ reference sites, some of which will be tens of miles offshore, and the 
identification of suitable controls (fished areas of similar habitat composition) that can be 
used to judge the biological effects of the reference sites. Before-after-control-impact (BACI) 
designs are very difficult to achieve in practice (Underwood 1993), however consideration of 
spatial (e.g. area effects) and temporal (e.g. seasonal variability) effects needs to be taken 
seriously in the design of any monitoring program to ensure that results are robust. 
 
Sampling 
 
Whilst we varied how the gear was deployed in relation to the tidal cycle from one day to the 
next (i.e. on the first day three trammels/ trawls were deployed in the PTA then three in the 
SC, and vice-versa for the second day…etc), some trammels were left in the water for a 
longer soak period than others as it took more time to retrieve the nets than to deploy them. 
The length of each trammel soak in relation to the tidal cycle (i.e. what proportion of a 
trammels soak time was in peak currents) would also likely affect the number of fish caught. 
 
Due to the low resolution of the habitat model, information derived from the model was not 
useful for determining where gear should be deployed; instead information from the video 
survey was used to identify the suitable locations for trammels and the FPV Northeastern 
Guardian III’s side scan sonar to determine ground suitable for trawling. It was unfeasible for 
trawl lines to be picked randomly as the likelihood was that it would miss the required habitat 
type or intersect rough ground, wrecks or static gear. 
 
Ideally the two gear types would be deployed simultaneously however this was not feasible 
given the limited deck space of the vessel and the limited amount of time to conduct the 
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survey. Additionally the sampling schedule had to be fitted around the NESFC’s patrol work, 
meaning quite frequently the dates on which we had scheduled for the field work were not 
feasible due to inclement weather. Thus for vessels with other commitments in addition to 
survey work, sufficient contingency has to be built into the survey design and an agreement 
reached on how the boat work should be prioritised in relation to other tasks.   
 
Other issues 
This study encountered problems that could not be planned for. A period of bad weather in 
December 2010, crew availability and a seismic survey in the PTA pushed the trawl survey 
back until May 2011. Seasonal effects on the inshore fish community are strong (e.g., 
Polunin et al. 2009); results in summer may not bear any ressemblance to results in winter. 
The trammelling was also undertaken during October to November when the fish community 
was likely to be undergoing a seasonal transition.  This makes comparisons with previous 
work difficult. The prevalence of winter storms and short day lengths also had a negative 
effect on the continuity of the sampling regime. 
 
The activities of other sea users also constrained survey work (e.g. two months’ delay due to 
a seismic survey in the PTA). Static gear was also vulnerable to damage by other fishing 
vessels; one of the marker buoys for the trammels was lost when a ship passed over it. 
Likewise trawling could only be undertaken in areas that were free from static gear.     
 
 
 
 
5.5 Conclusions 
 
The present study had unavoidable weaknesses which mean that differences between areas 
cannot be unequivocally attributed to protection effects. There were nevertheless some 
differences between areas in the trammel and trawl data consistent with protection effects, 
including species size (e.g. larger in PTA than SC: whiting but not cod [trammel]; whiting, 
plaice and lermon sole but not dab, poor cod or haddock [trawl]), abundance (e.g., more 
abundant in PTA than SC: small spotted catshark, poor cod, pouting and cod but not whiting 
[trammel]; whiting, plaice and dab [trawl]), and presence-absence data (e.g. ballan wrasse, 
cuckoo ray, thornback ray, dover sole, ling, long-spined sea scorpion and red mullet only in 
PTA; john dory, starry smoothound, witch only in SC [trawl]). The PTA is not and was not 
designed as a ‘no-take’ MPA, ongoing impacts of fishing are likely; total abundances and 
size structures of the fish assemblage did not differ between the areas, and PTA/SC 
contrasts in some abundance data (e.g. whiting) differed according to the gears used. There 
are useful implications for further analyses, and future monitoring of MCZs. Effects of such 
fishery closures on fishery species should be the subject of ongoing research. 
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APPENDIX A  
Table A1: Whitby PTA Habitat Characteristics 
 
Drop Depth
Hardness 
scale Habitat description
Complexity 
scale Sediment description Biota
1 46m 1 Rock 1 Silt DMF, Echinus  sp
2 47m 2 Rock 1 Silt Nemertesia  sp, Flustra foliacea
3 48m 3 Cobbles and sediment 2 Silt
4 46m 2 Cobbles 2 Silt DMF
5 46m 5 Sediment 4 Silt
6 46m 3 Sediment, gravel and cobbles 3 Silt with gravel Hydrazoa spp, DMF
7 47m 5 Sediment 4 Silt
8 45m 5 Sediment 4 Silt
9 43m 5 Sediment 3 Silt Hydrazoa spp
10 42m 1 Cobbles, pebbles on bed rock 2 Silt with gravel Hydrazoa spp, DMF, Asterias rubens
11 43m 4 Sediment, gravel and pebbles 3 Silt with gravel
12 47m 4 Sediment, gravel and pebbles 3 Silt with gravel Hydrazoa spp
13 46m 1 Rock, pebbles 2 Silt DMF
14 48m 1 Rock and cobbles 2 Course sand and gravel DMF, Echinus  sp
15 49m 3 Pebbles, gravel and sediment 3 Silt with gravel DMF, Hydrazoa spp
16 43m 4 Sediment 4 Sand with gravel
17 27m 5 Sediment 4 Sand
18 32m 5 Sediment 4 Sand
19 22m 1 Rock 2 Sand Flustra foliacea, Hydrazoa spp
20 33m 5 Sediment 4 Sand
21 36m 1 Cobbles 2 Silt DMF, Hydrazoa spp
22 32m 4 Sediment 4 Course sand and silt
23 34m 2 Rock 2 Silt and sand DMF
24 30m 5 Sediment 4 Silt and sand
25 33m 5 Sediment 4 Silt and sand
26 26m 3 Cobbles and sediment 2 Silt and sand DMF
27 20m 1 Rock 1 Silt Echinus sp, Hydrazoa spp, Asterias rubens , DMF
28 22m 1 Cobbles 2 Silt Flustra foliacea
29 22m 1 Rock and sediment 2 Silt DMF, Asterias rubens
30 17m 5 Sediment 4 Sand
31 23m 5 Sediment 3 Sand
32 23m 1 Rock and cobbles 2 Silt Hydrazoa spp
33 24m 5 Sediment 4 Sand
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Table A2: Whitby SC Habitat Characteristics 
 
Drop Depth (m) Hardness scale Description
Complexity 
scale Sediment Biota
1 44 1 Bedrock 3 Course sand and gravel Nemertesia sp, DMF
2 47 1 Bedrock 3 Course sand and gravel Flustra foliacea,  DMF
3 49 1 Bedrock 3 Silt and gravel Hydrazoa spp
4 46 1 Cobbles and bedrock 2 Course sand and gravel Nemertesia sp, DMF, Hydrazoa spp
5 48 1 Bedrock 4 Course sand and gravel
6 40 5 Sediment 4 Sand
7 44 5 Sediment 4 Sand and shell
8 47 4 Sediment and pebbles 3 Silt and pebbles
9 48 4 Sediment and pebbles 3 Silt and pebbles
10 32 5 Sediment 4 Sand
11 31 5 Sediment 4 Sand
12 30 2 Rock 2 Sand DMF, Flustra foliacea, Metridium sp
13 31 2 Rock 2 Sand Nemertesia sp, Flustra foliacea, Asterias rubens
14 33 5 Sediment 4 Sand and silt
15 31 5 Sediment 4 Sand and silt Flustra foliacea
16 28 5 Sediment 4 Sand and silt Nemertesia  sp
17 28 5 Sediment 4 Sand and silt
18 20 2 Rock 2 Sand Flustra foliacea, DMF
19 18 5 Sediment 4 Sand
20 20 5 Sediment 4 Sand
21 22 2 Rock 2 Sand Flustra foliacea, DMF, Echinus
22 21 2 Rock 2 Sand Asterias rubens, Flustra foliacea, Hydrazoa spp
23 23 2 Bedrock 3 Sand DMF, Asteria
24 17 5 Sediment 4 Sand
25 22 5 Sediment 4 Sand
26 32 4 Sediment, few cobbles 3 Sand
27 30.5 3 Sediment, few cobbles 3 Sand Flustra
28 33.5 2 Rock 2 Sand
29 31 3 Rock and sediment 2 Sand DMF
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Table A3: Summary of metadata for trammel stations within the Whitby PTA 
 
Trammel ID  Date  Latitude N  Longitude W  Depth (m)  Deployed at  Duration  Habitat type 
20  14.10.10  54.32.78  ‐0.41.76  35  0939  5.51  Broken, Rough 
27  14.10.10  54.33.58  ‐0.45.49  20  0957  5.09  Hard, Rough 
1  14.10.10  54.35.71  ‐0.45.12  46  1011  5.3  Hard, Flat 
30  17.10.10  54.32.62  ‐0.43.59  16  0710  3.4  Soft, Sand 
23  17.10.10  54.33.40  ‐0.42.91  33  0718  4.02  Flat, Hard 
7  17.10.10  54.35.25  ‐0.45.53  45  0730  4.3  Flat, Hard 
4  18.10.10  54.36.36  ‐0.45.60  43  0856  4.19  Flat, Hard 
28  18.10.10  54.33.30  ‐0.44.85  21  0920  4.31  Hard, Rough 
18  18.10.10  54.32.18  ‐0.39.62  31  0941  4.41  Soft, Sand 
31  30.10.10  54.32.91  ‐0.43.89  26  0812  3  Hard, broken 
21  30.10.10  54.33.17  ‐0.41.77  38  0825  3.06  Hard scar 
12  30.10.10  54.33.42  ‐0.39.55  44  0838  3.17  Hard, rough 
13  31.10.10  54.33.83  ‐0.39.12  48  1102  4.05  Hard, Rough 
22  31.10.10  54.33.25  ‐0.42.85  33  1114  4.18  Soft 
29  31.10.10  54.33.22  ‐0.44.39  25  1124  4.26  Mixed 
3  01.11.10  54.36.26  ‐0.46.34  48  0628  3.14  Flat, Hard 
5  01.11.10  54.36.17  ‐0.44.95  44  0639  3.16  Flat, Hard 
10  01.11.10  54.34.16  ‐0.42.24  40  0653  3.35  Broken  
33  02.11.10  54.31.46  ‐0.39.38  24  0710  4.53  Soft, sand 
32  02.11.11  54.32.36  ‐0.41.72  23  0722  5.21  Hard 
24  02.11.12  54.33.42  ‐0.44.73  30  0735  5.45  Soft, sand 
8  15.11.12  54.35.23  ‐0.46.20  45  0950  3.3  Soft 
34  15.11.13  54.31.82  ‐0.39.89  32  1005  3.4  Hard 
35  15.11.14  54.34.10  ‐0.43.77  23  11.20  4.1  Soft 
 
 
Table A4: Summary of metadata for trammel stations within the Whitby SC 
 
Trammel ID  Date  Latitude N  Longitude W Depth (m) Deployed at Duration  Habitat type
18  14.10.10  54.28.83  ‐0.33.39 27 0846 3.39  Hard,rough
15  14.10.10  54.28.72  ‐0.32.76 36 0854 4.03  Broken, rough
1  14.10.10  54.29.76  ‐0.30.73 47 0906 4.25  Broken, rough
12  17.10.10  54.26.44  ‐0.29.54 35 0826 4.34  Hard,rough
24  17.10.10  54.25.74  ‐0.30.02 13 0837 4.41  Soft, sand 
7  17.10.10  54.25.76  ‐0.27.41 45 0848 4.5  Soft, sand 
22  18.10.10  54.26.86  ‐0.30.84 18 0720 3.3  Hard,rough
11  18.10.10  54.25.30  ‐0.28.44 31 0739 3.36  Flat, hard 
4  18.10.10  54.28.13  ‐0.29.06 45 0804 3.46  Flat, hard 
6  30.10.10  54.25.34  ‐0.26.75 45 0928 3.42  Sand ridges
13  30.10.10  54.27.60  ‐0.31.17 33 0950 3.55  Hard scar 
19  30.10.10  54.28.58  ‐0.31.55 44 0958 4.1  Broken, rough
21  31.10.10  54.27.47  ‐0.31.54 25 0955 3.05  Hard 
10  31.10.10  54.24.74  ‐0.27.88 33 1007 3.33  Soft 
2  31.10.10  54.29.49  ‐0.29.66 49 1029 3.37  Flat, hard 
5  01.11.10  54.27.42  ‐0.28.08 48 0745 3.52  Flat, hard 
8  01.11.10  54.26.51  ‐0.28.03 45 0759 4.01  Soft 
28  01.11.10  54.27.40  ‐0.30.55 30 0812 4.13  Rough hard
25  02.11.10  54.24.81  ‐0.28.86 22 0620 3.17  Soft 
23  02.11.10  54.26.13  ‐0.30.22 23 0634 3.34  Hard, flat 
20  02.11.10  54.28.00  ‐0.32.25 20 0649 3.59  Soft 
29  15.11.10  54.33.17  ‐0.44.37 32 1050 4.1  Hard 
14  15.11.11  54.32.96  ‐0.37.71 35 1105 4.2  Soft 
17  15.11.12  54.31.57  ‐0.38.78 27 1120 4.2  Soft 
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Table A5: Summary of metadata for trawl lines within the Whitby PTA 
 
Trawl ID 
Deployment Retrieved       
Latitude 
N 
Longitude 
W 
Latitude 
N 
Longitude 
W Depth (m) 
Duration 
(min) Habitat 
1 54.31.82 -0.39.59 54.32.46 -0.41.08 29 29 2-hard 
2 54.33.50 -0.43.15 54.34.19 -0.44.46 35 26 9-soft 
3 54.35.39 -0.41.17 54.34.87 -0.41.83 48 23 7-soft 
4 54.34.34 -0.43.71 54.33.86 -0.42.13 37 27 7-soft 
5 54.35.39 -0.46.86 54.34.77 -0.45.66 42 27 3-hard 
6 54.31.95 -0.38.93 54.32.56 -0.40.47 35 24 2-hard 
7 54.36.38 -0.46.90 54.36.05 -0.45.25 47 22 3-hard 
8 54.35.09 -0.43.53 54.34.55 -0.41.92 45 26 7-soft 
 
 
Table A6: Summary of metadata for trawl lines within the Whitby SC 
 
Trawl ID 
Deployment Retrieved       
Latitude N 
Longitude 
W Latitude N Longitude W Depth (m) 
Duration 
(min) Habitat 
1 54.28.53 -0.31.32 54.29.27 -0.32.51 48 27 4-hard 
2 54.26.89 -0.27.32 54.27.63 -0.28.80 48 30 7-soft 
3 54.24.80 -0.26.89 54.25.55 -0.28.05 41 23 2-hard 
4 54.29.80 -0.31.59 54.29.00 -0.30.44 51 26 6-soft 
5 54.28.59 -0.59.33 54.28.06 -0.31.83 22 22 2-hard 
6 54.27.86 -0.30.63 54.27.24 -0.29.40 37 22 3-hard 
7 54.25.85 -0.28.96 54.26.69 -0.29.53 34 25 7-soft 
8 54.28.01 -0.29.37 54.28.87 -0.30.84 50 26 8-soft 
 
 
Table A7: Species diversity for trammel nets in the PTA 
 
Species  Hard Soft Grand Total Percentage
Clupea harengus  8 6 14 3.14 
Gadus morhua  42 29 71 15.92
Galeorhinus galeus  1 1 0.22 
Labrus bergylta  1 1 0.22 
Leucoraja naevus  1 1 0.22 
Limanda limanda  1 1 0.22 
Merlangius merlangus 33 184 217 48.65
Merluccius merluccius 1 1 0.22 
Microstomus kitt  1 1 0.22 
Molva molva  4 4 8 1.79 
Pleuronectes platessa 9 9 2.02 
Pollachius virens  1 1 0.22 
Psetta maxima  1 1 0.22 
Raja clavata  1 1 0.22 
Raja radiata  1 1 0.22 
Scyliorhinus canicula  53 10 63 14.13
Solea solea  1 1 0.22 
Taurulus bubalis  1 1 0.22 
Trisopterus luscus  22 15 37 8.30 
Trisopterus minutus  9 6 15 3.36 
Grand Total  175 271 446
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Table A8: Species diversity for trammel nets in the SC 
 
Species  Hard Soft Grand Total  Percentage
Clupea harengus  1 5 6 0.64
Echiichthys vipera  6 6 0.64
Eutrigla gurnardus  1 1 0.11
Gadus morhua  27 15 42  4.49
Labrus bergylta  5 5 0.53
Limanda limanda  2 2 0.21
Merlangius merlangus 77 723 800  85.56
Microstomus kitt  1 1 2 0.21
Molva molva  2 2 0.21
Pleuronectes platessa 3 1 4 0.43
Pollachius virens  1 1 0.11
Raja clavata  2 2 0.21
Raja montagui  1 1 0.11
Raja radiata  1 1 0.11
Scomber scombrus  9 9 0.96
Scyliorhinus canicula  6 2 8 0.86
Solea solea  2 2 0.21
Taurulus bubalis  1 1 0.11
Trisopterus luscus  22 5 27  2.89
Trisopterus minutus  13 13  1.39
Grand Total  159 776 935 
 
Table A9: Species diversity for trawls in the PTA 
 
Species Hard Soft Grand Total Percentage 
Callionymus lyra 1 14 15 1.05 
Clupea harengus  9 9 0.63 
Echiichthys vipera  58 58 4.04 
Eutrigla gurnardus 8 24 32 2.23 
Gadus morhua 17 10 27 1.88 
Labrus bergylta 1  1 0.07 
Leucoraja naevus 1  1 0.07 
Limanda limanda 20 86 106 7.39 
Lophius piscatorius  2 2 0.14 
Melanogrammus aeglefinus 18 24 42 2.93 
Merlangius merlangus 187 590 777 54.18 
Microstomus kitt 29 27 56 3.91 
Molva molva 1  1 0.07 
Mullus surmeletus  2 2 0.14 
Pleuronectes platessa 28 153 181 12.62 
Pollachius virens  1 1 0.07 
Raja clavata  1 1 0.07 
Scomber scombrus 1  1 0.07 
Scyliorhinus canicula 1  1 0.07 
Solea solea  2 2 0.14 
Taurulus bubalis 1  1 0.07 
Trachurus trachurus  1 1 0.07 
Trisopterus luscus 20 8 28 1.95 
Trisopterus minutus 50 38 88 6.14 
Grand Total 384 1050 1434  
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Table A10: Species diversity for trawls in the SC 
 
Species Hard Soft Grand Total Percentage 
Ammodytes sp 1 1 0.09 
Aspitrigla cuculus 1 1 0.09 
Callionymus lyra 8 8 0.69 
Clupea harengus 12 7 19 1.63 
Echiichthys vipera 77 77 6.61 
Eutrigla gurnardus 3 3 0.26 
Gadus morhua 15 1 16 1.37 
Glyptocephalus cynoglossus 1 2 3 0.26 
Limanda limanda 53 9 62 5.32 
Lophius piscatorius 1 1 0.09 
Melanogrammus aeglefinus 22 22 1.89 
Merlangius merlangus 621 32 653 56.05 
Microstomus kitt 124 5 129 11.07 
Mustelus asterias 1 1 0.09 
Pleuronectes platessa 18 15 33 2.83 
Pollachius virens 1 1 0.09 
Scomber scombrus 1 1 0.09 
Scyliorhinus canicula 2 1 3 0.26 
Sprattus sprattus 1 1 2 0.17 
Trisopterus luscus 12 10 22 1.89 
Trisopterus minutus 104 2 106 9.10 
Zeus faber 1 1 0.09 
Grand Total 1000 165 1165   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
